Fishmeal is an important commercial product that is obtained by processing the bones and whole fish. It can be of great importance to enhance the feeding during the fattening of animals in poultry and livestock. Detection of adulteration in fishmeal with other meats is important for livestock and poultry production, and their health. The aim of this study was to identify fraud and adulteration in fishmeal products using polymerase chain reaction (PCR) technique in Iran. Fishmeal samples of 124 were collected from manufacturers and examined for presence of poultry and ruminants meats. Total DNA was extracted from fishmeal samples and PCR was performed for gene amplification of meat species. Out of 124 fishmeal products examined 9 (7.25%), 4 (3.22%) and 16 (12.9%) samples contaminated with bovine, sheep and chicken, respectively. These findings showed few adulterations in used fishmeal in Iran. The PCR is an effective and rapid technique with high accuracy that can be used to detect and prevent fishmeal adulterations.
INTRODUCTION
Fishmeal is a commercial product made of fish, bones and fish processed offal. It is a good source of essential amino acids, vitamins, phospholipids, fatty acids and energy (Farajollahi et al., 2009) . Fishmeal can be made from almost any type of seafood but is generally manufactured from wild-caught and small marine fish that contain a high percentage of bones and oil, and usually deemed not suitable for direct human consumption (Farajollahi et al., 2009) . Most fishmeal and fish oil is manufactured from anchovies, sardines, capelin and sand eels, and some of the fisheries that target these species are considered to be well-managed (Bellagamba et al., 2003) .
The nutrient composition of fishmeal can vary depending on the type and species of fish, the freshness of the fish before processing and the processing methods (Khatoon et al., 2006) . High-quality fishmeal normally contains between 60 and 72% crude protein by weight. Fishmeal is a generic term for a nutrient-rich feed ingredient used primarily in diets for domestic animals, sometimes used as a high-quality organic fertilizer (Shi et al., 2009). The vitamin content of fishmeal is highly variable and influenced by several factors, such as origin and composition of the fish, meal processing method and product freshness (Nagase et al., 2009) . The lipids in fishes can be separated into liquid fish oils and solid fats. Although most of the oil usually gets extracted during processing of the fishmeal, the remaining lipid typically represents between 6 and 10% by weight, but can range from 4 to 20% (Cozzolino et al., 2009) . Fish lipids are highly digestible by all species of animals and are excellent sources of the essential polyunsaturated fatty acids (PUFA) in both the omega-3 and omega-6 families of fatty acids. The majority of the fishmeal produced is included in commercial diets for poultry, swine, dairy cattle, mink and fish (Farajollahi et al., 2009) . Worldwide, millions of tons of fishmeal are produced annually. Contrary to recent popular beliefs, most fishmeal and oil are produced from sustainable, managed and monitored fish stocks, reducing the possibility of over-fishing (Bellagamba et al., 2003) . Approximately 4 to 5 tons of whole fish are required to produce 1 ton of dry fishmeal. The quality of fishmeal is often questioned due to adulteration with sheep, bovine and chicken, and it is important for economic, safety of poultry and ruminants (Khatoon et al., 2006) . Several methods have been developed recently to detect adulteration in fishmeal. Figure 1 . The electrophoresis of PCR products was generated by species-specific oligonucleotide primers. Line 1 is a 100 bp DNA ladder (Fermentas, Germany). Lines 2-5 are sheep, bovine, and chicken amplified fragments, respectively and line 5 is negative control.
Methods have been developed based on electrophoresis, isoelectric focusing, chromatography, DNA hybridization, polymerase chain reaction (PCR) and enzyme-linked immunosorbent assay (ELISA) for detection of fishmeal fraud (Ong et al., 2007) . The purpose of this study was the molecular detection of the rate of adulteration in fishmeal with poultry and ruminants materials in Iran.
MATERIALS AND METHODS

Fishmeal sample and DNA extraction
A total of 124 samples of fishmeal were collected and examined for presence of poultry and ruminants. Mitochondrial DNA (mtDNA) was extracted from fishmeal samples using DNA extraction kit (Roche applied science, Germany) according to the manufacturer's recommendations. The quality of extracted DNA was checked on agarose gel electrophoresis and quantitation done by UVspectrophotometry.
Gene amplification
Species-specific oligonucleotide primers were used for gene amplification (Luo et al., 2008) . These primers and amplification fragment length are shown in Table 1 . Species-specific DNA segments of bovis, sheep and chicken were used for amplification and detection of animal derived materials in fishmeal samples. PCR amplification was carried out in a total volume of 25 µl in 0.5 ml tubes containing 1 µg of mtDNA, 1 µM of each primers, 2 mM Mgcl2, 200 µM dNTP, 2.5 µl of 10 × PCR buffer and 1 unit of Taq DNA polymerase (Roche applied science, Germany). PCR involved an initial denaturation at 94°C for 5 min; followed by 30 cycles at 94°C for 1 min, annealing at 63°C for beef, 59°C for sheep and 69°C for chicken, and extension at 72°C for 1 min; and a final extension at 72°C for 6 min was done at the end of the amplification. The PCR amplification products (10 µl) were subjected to electrophoresis in a 1% agarose gel in 1 × TBE buffer at 80 V for 30 min, stained with ethidium bromide, and images were obtained in UVIdoc gel documentation systems (UK). The PCR products were identified by 100 bp DNA size marker (Fermentas, Germany).
RESULTS AND DISCUSSION
Amplification with species-specific oligonucleotide primers revealed a 271, 274, and 266 bp from bovine, sheep and chicken genomic DNA, respectively (Figure 1 ). DNA extraction of fish, poultry, beef and pork were used Afr. J. Biotechnol. for positive controls and were also run for each reaction to ensure products obtained were of the correct size. Tubes contained all mixture reaction without DNA was used as negative controls. PCR reactions for 124 samples of fishmeal were denoted, 23 samples (18.54%) contaminated with poultry and ruminants residuals. Out of 124 fishmeal products examined 9 (7.25%), 4 (3.22%) and 16 (12.9%) samples contaminated with bovine, sheep and chicken, respectively.
Some samples were mixed with two or three bovine, sheep and chicken residuals. The detail of the range of poultry and ruminants derived material in fishmeal samples of Iran is shown in Table 2 .
Fishmeal is one of the important widely known commercial products. It is also widely used as a food source for variety of purposes such as poultry, pigs, cattle and sheep (Cozzolino et al., 2009 ). The world-wide supply of fishmeal is presently stable at several million tons a year. Detection of adulteration and quality of fishmeal is important for health of livestock, animal nutrition and economic (Nagase et al., 2009 ). In addition, determination of the species of origin of the meat components in fishmeal products is an important task in food hygiene, food codex, food control and veterinary forensic medicine (Ayaz et al., 2006) . Several methods have been developed to identify fishmeal content. Each method has advantages and disadvantages. The conventional methodology used for the determination of species origin in fishmeal and meat products had been predominantly based on immunosorbent assay (ELISA), immunochemical and electrophorectic analysis of protein.
Electrophoresis requires several hours and presents low reproducibility (Ballin et al., 2009) . Additionally, through the acquisition of sequence data, DNA can potentially provide more information than type of protein content, due to the degeneracy of the genetic code and the presence of many non-coding regions (Partis et al., 2000) . DNA hybridization (Wintero et al., 1990) and PCR methods (Chikuni et al., 1994) have been used for the identification of meats and fishmeal products. PCR is a helpful technique for fishmeal and meat species identification. The present study is focused on the use of PCR technique for a rapid detection and identification of meat species in fishmeal products of companies in Iran.
The results of this study showed good evidence for molecular markers linked to genetic identification of beef's, sheep's, and chicken's meat in fishmeal products.
In current study from a total of 124 fishmeal samples, 23 samples (18.54%) contaminated with poultry and ruminants derived materials. The ranges of bovine, sheep and chicken meats in fishmeal samples are 7.25, 3.22 and 12.9%, respectively. In Iran beef and sheep meats are abundant and cheaper than other meats, and indicating the possibility of adulteration of companies for economic reasons.
There are many studies for meat and fishmeal adulterations. Hsieh et al. (1995) reported that beef or lamb meat was found to be the contaminating species in ground turkey sold in retail markets. The reasons for substituting more expensive meat such as beef and lamb with cheaper meat such as poultry include the use of the unmarketable trimmings from expensive meats and improper cleaning of the grinder between each change of meat species prior to grinding (Hsieh et al., 1995) . Meyer et al. (1994) detected 0.5% pork in beef using the duplex PCR technique. Their results revealed that PCR was the method of choice for identifying meat species in muscle foods. Furthermore, Meyer et al. (1995) detected 0.01% soy protein in processed meat products using the nested-PCR technique. Partis et al. (2000) detected 1% pork in beef using RFLP, whereas Hopwood et al. (1999) detected 1% chicken in lamb using PCR. Bellagamba et al. (2003) detected mammalian and poultry adulteration in fish meals and their results showed 0.125% beef, 0.125% sheep, 0.125% pig, 0.125% chicken and 0.5% goat. The study of Aida et al. (2005) in Malaysia showed PCR-RFLP is a potentially reliable technique for detection of pig meat and fat from other animals for Halal authentication. Khatoon et al. (2006) in Pakistan assayed 184 samples of fishmeal for proximate composition, pepsin digestibility, salt, acid insoluble ash and chromium. The results of their study showed a variation in nutrient composition among samples. An inverse relationship was observed between fat, ash, pepsin digestibility, chromium and crude protein contents of fishmeal. All the samples were adulterated with slightly higher levels of sand and salt than recommended (Khatoon et al., 2006) .
Shally et al. used multiplex PCR technique for detection of meat species via tracing of cytochrome b gene (Jain et al., 2007) . Ong et al. (2007) used three restriction enzymes in PCR-RFLP using the mitochondrial cytochrome b region to establish a differential diagnosis which detect and discriminate between three meat species and they showed this technique can be applied to food authentication for the identification of different species of animals in food products. Luo et al. (2008) showed the application of a PCR for detection of beef, sheep, pig and chicken derived materials in feedstuff and indicated that high sensitivity and specificity of PCR technique with a minimum detection level of 0.1%. Shi et al. (2009) showed the feasibility of visible and near infrared reflectance spectroscopy (NIRS) method for the detection of fishmeal adulteration with vegetable meal. The results of this study showed that the NIRS could be used as a method to detect the existence and the content of soybean meal in fishmeal. Nagase et al. (2009) showed authentication of flying-fish-meal content of processed food using PCR-RFLP. They distinguished between flying fishes and the other fishes by combining amplified DNA fragments with universally designed primers and digesting the PCR products with AfaI and MfeI restriction endonucleases.
Conclusion
In Iran, fishmeal is being used as a major animal protein source and the results of current study suggested that full screening of fishmeal samples will help to increase the standard of animal feeds.
This study was performed at first time for molecular detection of adulteration in fishmeal used in Iran. The current study confirms previous findings and showed low adulteration in used fishmeal in Iran. Since, the results of this study might be useful for prevention and control of adulterated and fraud in fishmeal products used in dairy and poultry industry. So, molecular methods such as PCR were suggested as an effective, rapid, reliable and sensitive technique for the detection of adulteration in fishmeal products used in dairy and poultry industry.
